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THE WEATHER AND CIRCULATION OF DECEMBER 1951 
WILLIAM H. KLEIN 

Extanded Forecast Section, U. S. Weather B u ~ m u ,  Wadlington, D. C. 

The m c m  700-mb. circulation in t>hc  Northern Hemis- 
phcre during the month of December 1951 (fig. 1) ~ K ; R S  

cllnrac.terized by tho presence of three long (planetary) 
wo~vps in the  main  band of west,erlics  a.t middle  1rtt8itudm 
The princ,ipal troughs conlposing  t,his WRVO pftt'tern. wcre 
located in east-ctmtral North America, tho western Pacific, 
Rntl western Asia; while t8he ridges were found in the 
cast,crn Pacific, central Siberia, and western Europe. At 
higher lat,itudes :ibnormally deep IAows, near Baffin Islnnd, 
w s t  Grcenland, and Spitzsbergen, dominat'cd the circulu- 
t8ion. Tlw wave number was considerably greater at low 

I See Chart3 I-XV following p. 225 far Rnnlyzed rlimntologiml clsh lor the m m t h .  

lat,itudes, where six "High" cells and nn equal number. of 
troughs were present. The low-latitude trough in the 
castern Pacific, off Lower. California, extended northwml 
t<o about 33' N. This latitude also marked the sout1bern 
boundary of the t,rough located in  eastern  Canada at  high 
latit,uclcs and in  the  central  United States txt middle 
latitudes. As a result, a well-marked  zone of confluence 
between warm sout,hwrst erly and cold nortllwestwly flow 
wa,s centered in northeast Texas. 

Fllrthcr details of tlw Western Hemisphere circulat'ion 
in Ilcwxlber 1951 are revealed by t'he field of men11 
700-mb. geostr~phic.'\rilltl speed shown in figure 2. The 

FICI'RE I.--Mean iWmb. chart lor the W a y  period December 1-30,1851. Contours at 2Cn3El. iutervals w e  slrowu by solid lirtes, intemediate coutours by liues with iamg dashes, and 
7Wmb. heighl departures from normal at 1Wft. intervals by 1i11m with short dashes with t,he zero isopleths heavier. Anomaly eenten and coutours are laholed iu tensofleet. 
Minimum latitude trough lomtions 81% shown hy heavy solid lines. 
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average wind in  the  United  States  attained it,s maximum 
speed  (over 20 m. p. s. or 46 m. p. h.) in  southwesterly 
flow just downstream from t,he confluence  zone in  Texas 
and  just  east of the trough in  the  Central  Plains.  This 
jet extended with  virtually undiminished strengt’h across 
the  entire North Atlantic Ocean into southern Scandinavia. 
It’s intensity was much  greater than norma!, as indicated 
by the fact, t’hat 700-mb. heights were above  normal (fig. 1) 
over most of the  southeustern  United  Stat’es,  central 
Atlantic, and southern  Europe, but well below normal 
over Canada,  the nort,llern Atlantic, and  northern  Europe. 
This jet  stream was associated with severe st’orminess 
over the  nort,hern At.lantic during  the last week of Decem- 
ber,  when three sizable ships sank off t,he coast of Europe 
and  the freight’er, Flying IMerp.rise, was abandoned  by 
all but it,s gallant captain, Kurt8 Carlsen. In  the east>ern 
Pacific and western North Amcrjca the  jet st,rearn was 
c!onsitlerahly weaker, with niaxinlrlm  wind  speeds of only 
14 in. p. s. (31 m. p. 11.) in northwesterly flow off the coast 
of Oregon. The jet, was slowest, south of Xodiak as it 
travemed a mean ridge and strong positive 700-nlb. 
height anoma,ly  cent,er (“460 feet located at, 50’ N., 
155’ W.). I n  fa,ct, tjhe westerlies  were generally weaker 
than normal  throughout the Pacific,  as  indicat,ecl by the 
presence of a broad belt of posit.ive  700-mb. height 
anomalies at.’ middle latitudes. 

Figures 1 and 2 port,ray the mean s t a h  of the circulation 
in December. Additional informat’ion can  be  obtained 
by considering t8he day-to-day variability of the circnla- 
tion during  this  month. The 24-hour or  interdiurnal 
pressure changes a.t sea level  were therefore  averaged, 
without regard to sign, at, standard 5’ intersections of 
lat’itude and longitude and then plott,ed and analyzed, 
as illusbrated in figure 3. The greatest amount of pressure 

variabilit.y, averaging more than 12-mb.  per day, was 
observed in the  northern  Atlantic  in a belt extending 
from  Nova Scot,ia to Iceland. The location and orient,a- 
tion of this belt was sim3a.r to  that normally found during 
winter [l], but the  magnittude of this month’s  pressure 
changes  was greater than norma.1, and  the ce,nter of maxi- 
mum change (15 mb.) was located just southeast of 
Newfoundbnd  rather  than northwest of the island as 
normally observed. Another  center of maximum inter- 
diurnal pressure change was located in the Central  Great 
Plains of t,he United  St,ates, where the average change of 
over 10 mb.  per day was more than twice its normal 
value. The zonal  axis of maximum interdiurnal change 
in the north-central  United  States was  generally south of 
its normal position along the  Canadian borde.r, so t,hat 
daily pressure variability exceeded normal in most of the 
Unit8ed States, except for the  upper  Lakes  and Southeast. 
On  the  other  hand, daily pressure variabilhy wa,s below 
normal  in  most of Greenland,  eastern  Canada, southern 
Alaska,, and  British Columbia. In  all parts of the  map 
sout~h of 40’ N. pressure variability generally  decreased 
with  latit,ude in the usual fashion, with average changes 
of less  t$an 1 mb. per day observed at extremely  low 
latitudes. 

Comparison of figures 2 and 3 reveals  some interesting 
parallels between the  patterns of wind speed, derived 
from the  monthly  mean  chart a t  700 mb., and pressure 
variability, derived from 30 daily  maps at  sealevel.  In 
all sections the  mean jet  stream a t  700 mb. generally 
meitndered parallel to, but slightly south 01, the primary 
axis of mttximunl interdiurnal pressure change.  Values 
of botJh elements were generally high in middle lat’itudes 
but less in tropicd and polar regions. A conspieuous 
escept,ion, however, was found in  northern Alaska and 

FICUEE 2.--Mem  geostrophic (total horizontal) wind speed at 700 mb.’  for the 3 0 - d ~ ~  
period  December 1-30, 1951. Solid lincs arc isotachs at intervals of 4 meters  per second, 
while the doublc al’rowed lines delineate the axes of maximum wind speed (jets). Areas 
with speeds in excw of 12 m/sec. are stippled while those with less than 4 m/sec. are 
hatched. Centers of maximum aud mlnimurn wind speed ace labeled ‘IF” and “8” 
respectively. 

l i ~ a u x ~  3.---Geographical distribution of absolute average  interdiurnal  pressure  change 
at sea level for the period December 1-30, 1951. Isopleths at 2-millibar intervals are 
shown by solid liuov with intermediate isopleths daqhed. A r m  with average  pressure 
change ltss than 4 millibars are hatched, while those with more than 8 mfllibars are 
stippled. CenLers of mnsximum and minimum pressure chango are  labeled “H” and 
“L” respectircly. 



E’IPVRIC 4.-Ckonraphical frequency of tracks of anticyclones (A)  and cyclonos (8) 
obsrrvcd during month of Dcremhrr 1951 withiu approximately equal-area boxes of 
size 5 midlatitude degrocs of lonrirude by 5 O  of latitude. The isopleths are drawn at 
int.ervals of 2, and areas of zero rracluoncy are stippled. The principal anticycloneand 
cyclone tracks are indiratcd by open and solid arrows, respectively. and are broken  in 
areas of maximum Aoqucncy. All data obtained from Charis IX and X. 

western Canada, where  an axis of maximum pressure 
variability  had  no  direct  counterpart  in  the wind  field. 
I t  is also noteworthy that in the  northern Atlant,ic, central 
United Stat’es, and nort’he1-n Alaska., pressures we,re more 
changeable than normal and, correspondingly, the wester- 
lies at  700 mb. were stronger  than normal. Although the 
isopleths in figure 3 a,re primarily zonal in  orientation, 
regions in  which pressure variability exceeded the  lati- 
tudinal average were found chiefly in  the western Atla,nt,ic, 
western Pacific, Great Plains of the  United  St,ates, a.nd 
western Canada. All these regions, except the  last, were 
occupied by minimum-latitude troughs at either 700 mb. 
(fig. 1) or  sea level (Chart XI). Conversely, in  the mean 
ridges at  sea level and aloft,  in the eastern parts of the 
Atlantic,  United  States,  and Pacific, interdiurnal pressure 
changes generally averaged less than  the  latitudinal mean. 
Thus  the field of average daily pressure variability over 
most sections appears to be  defined fairly well by  the 
mean wind  field and mean circulttt,ion pattern, despit,e 

the  fact  that variability cannot be determined from mean 
values. 

Interpretation of the general circulation is facilitated 
further by reference to  the  tracks of anticyclones and 
cyclones, Charts IX and X. In order t,o delineate the 
principal tracks  in  a more object,ive manner,  the number 
of tracks crossing squares of approximately 5’ were 
counted,  plotted,  and analyzed, separately for anticyclones 
and cyclones. Idealized t>racks were t,hen drawn through 
the axes of maximum track frequency, as  illustrated in 
figure 4. Since t,his figure takes no account of intensity 
of centers, it cannot  be expected to correspond exactly to 
figures 2 and 3. Nevertheless, some striking similarities 
are  apparent. 

Throughout  the  Western  Hemisphere  the axis of the 
700-mb. jet  stream was in close proximity to a principal 
track of both anticyclones and cyclones. The former track 
wa,s found in  the region of anticyclonic shear  just south of 
the  jet, while the  latter was located in cyclonic shear to 
the  north.  The cyclone track  just  north of the  jet stream 
corresponded closely with  the  primary zonal axis of  maxi- 
mum  interdiurnal  pressme  change a t  middle latitudes, 
although some anticyclones were  also responsible for large 
pressure variability in this zone. The region of maximum 
pressure cha,nge in Alaska and  northwest  Canada, however, 
was traversed by slightly more anticyclones than cyclones. 
Migratory cyclones and anticyclones were infrequent in 
Greenland, eastern Canada,  and  the tropics, where 
pressure variability was small. 

Of special significance  was the unusual concentration of 
cyclone tracks in the  United State,s. In  both  the Central 
Pla.ins and  the  North  Atlantic Stat,es t,hcre were more 
cyclone  passages than  in  any  other  part of the Western 
Hemisphere. On the  other  hand, only a small number of 
storms were  observed along t,he border between the 
United  States  and  Canada,  and along the  St. Lawrence 
Valley, where  cyclone frequency is  normally large in 
winter 12.1. In  other words, “Colorado” Lows were 
abundant  but “Albort,a” Lows  were scarce [3]. The 
principal cyclone track across the United States was  there- 
fore locat,ed south of it’s normal position, corresponding to 
southward displacements of the  mean jet  stream (fig. 2) 
and t,he zonal  axis of maximum  interdiurnal pressure 
variability (fig. 3). These conditions were  reflected  in the 
presence, over most of the Unit,ed States, of cyclonic 
curvat,ure at nearly all levels of the troposphere (Charls 
XI1 to XV), below-normal heights at  700 mb. (fig. l), 
and lower-t,han-normal pressures at, sea level (Chart X1 
inset). 

Thus  the weather  dnring Dec,ember 1951 was  unusually 
stormy  and changeable in  most of the  United States. 
State-wide precipit,ation avernged above  normal in 40 of 
the 48 States in the  country,  and snowfall  was very heavy 
in  the West and in the  North  (Chart  IV). I n  tlhe North- 
east’, recurrent fast-moving storms coated the countryside 



with snow, sleet, or glaze, paralyzing transportation  and 
disrupting  communication  in scores of large cities. A 
notable example  was the  storm of December 14,  which 
caused the worst t<raffic jams  in  the histories of Washing- 
ton, Balt’imore, and Philadelphia, and was followed within 
a week by t.wo similar storms. In Chicago, 33.4 inches of 
snow  fell this month,  a record for December  and more 
than  the normal amount for an ent’ire winter. Snowfall 
was  aIso unusually heavy  in  Watertown, N. Y., where 
86 inches, the  greatest  amount since  1900,  fell during 
November  and  December. In South  Dakota, where State- 
wide precipit’ation averaged 259 percent of normal, ski- 
planes wwe used to provide emergency supplies to  three 
towns isolated by snow drifts reported t,o be 15 feet high. 
fhen  California had it,s share of bad weat,her, as more 
than twice the normal  amount of precipitation fell.  On 
December 1, a 60 111. p. h. westerly gale in San Francisco 
was  responsible for the  temporary closing of the famous 
Golden Gate Bridge for the first time in  its  history. 
Strong winds  also damaged power lines and  citrus  fruits 
in the San  Fernando Valley.  On the last  2  days of the 
month  heavy snow produced avalanches and snowslides in 
the mountainous portions of the St,ate.2 

The moisture for this  mont~h’s precipit,ation (Charts 
II and 111) came  from two  primary sources, the Gulf of 
Mexico and  the Pacific  Ocean. Gulf moisture predom- 
inat’ed from the Mississippi  Valley to the  Atlantic  Coast, 
where southwestmly flow ahead of the trough was much 
stronger than  nornld a t  both 700 mb. (fig. 1) and sea 
level (Chart XI). Pacific moisture was responsible for 
most’ of t,he heavy precipitatfion observed from  t.he 
Xorthern Plains and Xocky Mountain  States westward 
to the Pacific Coast. By the time this Pacific air reached 
t,he eastern portion of the Plains most of its moisture had 
been precipitated west of the  Continental Divide  and it,s 
relative  humidity  had been  lowered by fochn warming. 
At  the  same time this region  was too fas  west to be 
affected by much Gulf moisture. As a result  a  narrow 
band of subnormal precipitation extended from southern 
Texas nort,heastward to  Lake Superior. The deficiency 
of precipitation was particularly  marked  in  central  pa,rts 
of Texas a.nd Oklahoma, where  less than 10 percent of 
normal  amounts fell (Chart III-B) and  dust  storms 
occurred. This region  was just  south of the principal 
cyclone track (fig. 4B) and  ha~d much stronger than 
normal westerly winds (fig. l ) ,  so t,hat  the “rain-shadow” 
effect in  the lee of the Rockies was unusually pronounced. 

The locat’ion of the principal cyclone track in the cen- 
tral United States was  reflected in  an intensified meridional 

following article by J .  A. Carr.  Other  weather  highlights  during the month we discussed 
* A more  detailed  discussion 01 West Coast  storminess  during  December  is given in the 

in the  February 1952 issue of W’eutherwise, pp. 1 s ” .  

gradient of surface temperature  in  most of the country 
(Chart I-A). This effect  mas superimposed upon the 
presence of st’ronger than normal sout,herly wind com- 
ponents at  both sea level and  aloft  in t,he eastern half of 
the United  Stat’es, while an excess of northerly flow gen- 
erally prevailed in the western half of the Nation. As a 
result  monthly  mean  temperatures were as much as 8’ 
below  normal in parts of the Kort’hwest and  Northern 
Plains, but  not  far from normal in  t’he Southwest; while 
positive anomalies exceeded 5’ in portions of the South- 
east, but  amounted t.0 only a degree  or  two in the  North- 
east (Chart I-B). The weather was  especially warm in 
the  East  during  the first decade of t,be month. Baltimore, 
Md., had its warmest  December week in history from the 
4th to l l th ,  and daily high temperature records were 
broken in Washington, 11. C. on the 7th (73’ F.) and  9th 
and in LouisvilIe, Ky. on the 6th. Another warm spell a t  
the end of the  month  sent  temperatures soaring to 90’ 
in  Fort  Worth, Tex., on the  30th  and 81’ in Montgomery, 
Ala., on the 31st. On the  other  hand, record low ternpera- 
tures were observed in Ely, Nev., on the 9th and Helena, 
Mont., on the  26th. 

I t  is interesting to note that  the line of zero monthly 
mean  temperature  anomaly  (Chart I-B) practically coin- 
cided with the principal cyclone track (fig.  4B)  in the 
region from Colorado to La.ke Erie. This t.rack may 
then  be considered as  a  quasi-stationary front’al zone, 
se,parat,ing cold cont>inenta.l polar and Arctic air Inasses 
t,o tho north from warm maritime tropical and Pacific air 
to the  south. This mean  frontal zone  was pnrt,icularly 
well delineatsed in  the  Central Plains, where it separated 
temperature anomalies of as much as “4’ in Kansas 
from anomalies of as much as $6’ in Texas. This intensi- 
fication of the normal  temperature difference  between 
Texas and Kansas has been a  characteristic  and enigmatic 
feature of almost every season during  the past 2 years [4]. 
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B. Departure of Average Temperature from Normal (OF.), December 1951. 

A. Based on reports  from 800 Weather Bureau  and  cooperative  stations. The monthly average  is half the sum of the monthly 
average maximum and monthly average minimum, which are  the  average of the daily maxima and daily minima, respectively. 
B. Normal average monthly temperatures  are computed for  Weather Bureau stations having a t  least 10 years of record. 
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B. Depth of Snow OP Ground (Inches), 7:30 a. m. E. S. T., January 1, 1952. 
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A. Computed from total number of hours of observed sunshine  in relation to total number of padbie hounf of I 

sunshine  during  month. B. Normals are computed for stations having at least 10 years of r&rd. 
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